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THE HIND-BRAIN OF THE MONOTREME. 
Die Medulla Oblongata und die Vierhiigelgegend von 

Ornithorhynchus und Echidna. Von A. Koelliker. 

Pp. vi + 100, (Leipzig: Engeimann, 1901.) Price i6r. 
ETAILED knowledge of the brain of the Mono- 
treme has in recent years been, considerably ex¬ 
tended by the works of Profs. Elliot Smith, of Cairo, and 
Ziehen, of Jena. Material suitable for successful prose¬ 
cution of microscopical research in this field is necessarily 
rare. It is a matter for congratulation that such material 
should have reached the hands of a veteran histologist, 
Prof. v. Kolliker. His monograph deals with the 
arrangement of nerve-fibre bundles and of nerve-cell 
groups in the mid-brain and hind-brain of ornitho¬ 
rhynchus, and of echidna respectively. The study is 
based on transverse sections stained with haematoxylin 
by the Weigert method for nerve-fibres. The ornitho¬ 
rhynchus brain furnished for the regions studied a series 
of 1088 sections. Detailed drawings under defined 
enlargement are given for sections at eighteen of the 
levels. Among the points of interest ascertained the 
following appear the chief. 

Both monotremes offer in common certain features in 
contradistinction to other mammalia. Noteworthy among 
these are the subjoined. 

The fourth ventricle extends very far distally, so far, 
in fact, that instead of the anterior half of the cell- 
group of origin of the hypoglossal. nerve, the whole 
length of that cell-group lies practically uncovered in the 
floor of the ventricle. The hypoglossal cell-group lies, 
not next the raphe and under the longitudinal bundle, 
but away at the side of the ventricle. 

The root of the cochlear nerve enters the bulb by 
piercing it ventral to the peduncle of the cerebellum ; 
none of its fibres wind round the peduncle. But the so- 
called striae acusticae exist nevertheless on the dorsal 
aspect of the bulb. 

The facial nerve has, in addition to its regular nucleus, 
a second widely separate and dorsal to that, near below 
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the genu of the nerve root. The sensory root of the 
trigeminus is very large, and enters the brain entirely 
anterior to the pons. 

The pons is poor in cell-groups proper to itself. In 
echidna there are some cell-groups in its lateral portions 
as well as in the median, but in ornithorhynchus there 
are no lateral cell-groups at all. 

The great system of fibres—the “ fillet ” or sensory 
system—ascending toward the brain and fed by 
secondary relays from the usual recipient afferent cell - 
groups is well developed, and exhibits the general arrange¬ 
ment obtaining in higher mammals. On the other hand, 
the system of fibres—the pyramidal—descending from the 
hemispheres to form connections with the efferent nuclei 
is so poorly developed that its very existence is not 
absolutely certain, at least for ornithorhynchus. It is of 
interest to note that the great efferent cerebral system 
can coexist in so meagre an extent in forms which 
possess an afferent spino-cerebral system so extensive. 
Thus as a permanent condition, we have a state of things 
similar to that which regularly forms a transient stage 
in the development of the higher type of mammalian 
nervous system. 

Among features of interest offered by the two brains 
individually, and therefore to be considered more or less 
apart each from the other, are the following : 

In ornithorhynchus, with its small cochlear nerve, there 
is discoverable only a mere trace of any superior olive. 
In echidna, with its large cochlear nerve, the superior 
olive is a structure of considerable extent. 

In echidna a large system of fibres passes along the 
lateral region of the bulb to the outer side of the sensory 
root of the trigeminus. These fibres in the upper pontine 
levels bend inward, decussate, and ascend again in the 
fies pedunculi cerebri of the crossed side. They are 
traceable at least as far as the optic thalamus. Kolliker 
urges that it is a sensory spino-cerebral system, but the 
merely anatomical method employed affords no trust¬ 
worthy guide to the functional direction of the path. 

The central nervous system of echidna represents, on 
the whole, a grade of development distinctly superior to 
that of ornithorhynchus. Traces of a pyramidal system 
fairly distinct though very scanty can in echidna be 
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followed into the proximal end of the spinal cord. In 
ornithorhynchus, Ziehen could not satisfy himself about 
the existence of any pyramidal system. Prof. Kolliker 
believes he can distinguish a pyramidal decussation in 
ornithorhynchus and that the fibres of it plunge mainly 
into the dorsal column of the spinal cord (as in the rat 
and guinea-pig) and not into the lateral column, as in 
the generality of mammals. But the description he 
gives is a very unsatisfactory one, and no mention is 
made of his data for discrimination between the un¬ 
doubtedly existent fillet decussation and the equivocally 
existent pyramidal. Moreover, he admits that he finds 
in ornithorhynchus no trace of longitudinal fibres passing 
anywhere along the pons. In arguing for the existence 
of a pyramidal system, he omits mention of what to 
most minds forms the strongest argument yet adducible, 
namely, that, as shown by Prof. C. J. Martin, of Mel¬ 
bourne, excitation of a certain region of the cerebral 
cortex of ornithorhynchus evokes movement of the 
crossed fore-limb. 

The large extent and specially sentient character of 
oral-facial surface in ornithorhynchus prepares the 
observer for a large recipient nucleus in the bulb to 
subserve the huge sensory root of the trigeminus. This 
root and its recipient nucleus form a huge projection 
either side the bulb—the tuberculum quinti, well shown 
in a figure reproduced from Elliot Smith. Prof. Kolliker 
finds fibres of this root traceable to the nuclei of the 
hypoglossus, vago-glossopharytigeus and abducens , as well 
as to that of the trigeminus itself. From the recipient 
nucleus of trigeminus he traces fibres to the median 
fillet, and so to the optic thalamus. C. S. S. 


DIVERGENT SERIES. 

Leqons sur les SIries Divergentes. Par Emile Borel. 
Pp. viii + 184. (Paris: Gauthier-Villars, 1901.) Price 
fr. 4.50. 

r 1 'O make the object of this work intelligible, it is 
J- necessary to recall a few facts concerning infinite 
series in general. Suppose we have a sequence 

»j, 2; 2 , « 3 , . . . ... (U) 

where %, « 2j &c., are analytical expressions constructed 
by a definite rule. Let Sn=u 1 +u t + . . . +u„ ; then we 
have a derived analytical sequence 

J 2> ^3> • • * • • • 5 (S) 

this is a definite analytical entity, and its properties are 
implicitly fixed by those of the former sequence. The 
expressions tin, s„ are, of course, functions of 11 ; we may 
suppose, for simplicity, that, besides this, they involve, 
in addition to definite numerical constants, a single 
analytical variable, x. If we assign to .r a numerical 
value, S becomes an arithmetical sequence, and three 
principal cases arise, according to the behaviour of s n 
when n increases indefinitely. If sn converges to a 
definite limit s we say that this is the sum of the series 

u L + u,, + u 2 + . . . , and write i ; but the ultimate 

1 

value of .f may be either indeterminate or infinite. In 
the second case 2 k„ has no definite meaning ; in the 
third we may say, if we like, that 2«» is infinite, but this 
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infinite sum is not a quantity with which we can operate,., 
and presents no special interest.. 

When the series SUk and 1 2f/,, are absolutely convergent 
we can add and multiply them according to the rules 

222,, H" 222,, — 2(22„ + 

'S.u n y.'2v n = u 1 v 1 j-(u 1 v 1i -+-U‘ 2 v\) + {;« 1 P2-Wii£s>2+u z v 1 ')-^ . . . 
“22(2 trZT.k+i—r) :: 


now the sequences 

%+^j.... (A) 

*1®U U l V N U 1 V \1 • • • u l v k + • ... . . (B) 

can be constructed, whether or not the sequences 
(«!, u. 2 , . . .) and (v v v 2 , . . .) are convergent'; the ques¬ 
tion therefore arises whether it is- possible, even when 
the series tun, 2% are divergent,, to- associate with the 
sequences (%, u 2 . . .) and {v lt . . .) certain finite 
and determinate functions U, V in such a way that U + V 
and UV may be by the same ruie of correspondence 
associated with the sequences (A) and- (B) above. 

Among the various ways in which this can be done, 
M. Borel’s method of exponential summation is par¬ 
ticularly interesting. Briefly it is this : let 

«(a) = u Q + ai a + ^ + ^+ . +**?+ ...... 

213! mV 

then the function 


.5 — j e~ a u{a)dcv 
'*» 

is defined to be the exponential sum of the series- 
u 0 + u l + u 2 + . ■ ■ . When Sic,, is convergent, j coincides- 
with the sum in the ordinary sense ; the- important point 
is that s may be finite even when 1 u n is divergent ; the- 
series is then “ exponentially summable ” — absolutelyse*.,, i# 

s = j e~ a | u(a) \ da 
'0 

is a convergent integral. M. Borel proves- that (in the 
case of absolute summability) if U, V are the expon¬ 
ential sums of 2 un and 2%, then U+V and UV are the- 
exponential sums of the series whose terms are given- 
under (A) and (B) above ; in other words, the formal 
laws of rational operation are satisfied. In a similar 
sense, an absolutely summable series may be differentiated 
any number of times. 

As an example of the practical value of these results, 
suppose we have a differential equation F(y,y', y"', . . ,) = o- 
in which y, y‘, y" . . . enter rationally ; then, if this is 
found to be formally satisfied by . a series tu n , which, 
although divergent in the ordinary sense, is exponentially 
summable, the exponential sum is actually a solution of 
the differential equation. 

In Chapter iv. M. Borel applies the idea of exponential 
summation to an interesting problem in function-theory. 
Suppose we have a power-series 

tlfj + Uj X + u 2 X 1 + . . . 

which is convergent within a circle of finite radius, but 
divergent outside of it. Within the circle, this series 
defines a function of x, say fix); within the same region 
the series is exponentially summable, and its sum is f(x). 
But the exponential sum may exist and be finite in a 
region larger than the circle of convergence of the power- 
series ; in this case the exponential sum is an analytical 
continuation of fix) outside the circle, and the new region 
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